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(54) Method of manufacturing a polymide optical waveguide 

(57) A polyimide optical waveguide comprising a 
core (2) made of polyimide whose refractive index is 
controlled to a predetermined value by electron beam 
irradiation, and a cladding (1 , 3) set in contact with the 
core and having a refractive index lower than that of the 
core. 
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Description „ , • 

♦ • 

The present invention'relates to a polyimide optical 
waveguide, and more particularly to a polyimide optical 
waveguide in which the polyimide, the refractive index of 
which is controlled by an electron beam irradiation to a 
desired value, is used as a core, and also to a facile fab- 
rication of the polyimide optical waveguide. 

As an optical communication system is put to prac- 
tical, thanks to the development of a low loss optical 
fiber, it is desired that various kinds of devices for the 
optical communication be developed. Further, there are 
demands for an optical wiring technique, more particu- 
larly an optical waveguide technique by which the opti- 
cal devices are packaged in high density. 

Generally, some conditions are required of an opti- 
cal waveguide, for example, low optical losses, facile 
fabrication, controllable core-cladding refractive index 
ratio, and a high heat resistance. 

As material of the optical waveguide having low 
optical losses, a silica-based material can be cited. As 
already proved in optical fiber, silica which has a good 
optical transmittance achieves an optical loss of 0.1 
dB/cm or less at wavelength of 1 .3 ^m, if used in an 
optical waveguide. Manufacture of quartz glass optical 
waveguides, however, presents a number of problems 
including a manufacturing processes lengthy in terms of 
time, the high temperatures needed during fabrication, 
and the difficulty of making optical waveguides with a 
large area. 

To solve these problems, attempts have been made 
to produce optical waveguides using plastics such as 
polymethylmethacrylate (PMMA), which can be manu- 
factured at low temperatures and low cost. Conventional 
plastic optical waveguides, however, have low resist- 
ance to high temperature. Thus, there is a demand for 
plastic optical waveguide having an excellent heat 
resistance. 

Among the various organic polymers currently 
available, polyimides provide very high resistance to 
heat. Hence, these materials have been widely 
employed in the field of electronics, to form an insulating 
film between layers in the multilayer wiring or to form a 
flexible print board. However, there has been no exam- 
ple in which polyimide is applied for an optical device 
such as an optical waveguide. 

In view of this, the inventors of the present invention 
have studied and developed a polyimide optical material 
which is applicable for an optical waveguide. When 
polyimide is used in optical communication applications 
as the optical material, there are two important points. 
First, its transparency in the visible and near infrared 
regions is excellent. Second, its refractive index can be 
controlled freely. The inventors disclose a fluorinated 
polyimide with excellent transparency in the visible and 
near infrared regions, in Jpn. Pat. Appln. KOKAI Publi- 
cation No. 3-72528. Further, in Jpn. Pat. Appln. KOKAI 
Publication No. 4-8734, it is disclosed that the core- 



cladding refractive index ratio, as is needed ^for, for 
example, forming an optical waveguide, is quite^control- 
lable by copolymerizing such fluorinated polyimide. Fur- 
thermore, optica! waveguides using fluorinated 
5 polyimide are disclosed in Jpn. Pat. Appln. KOKAI Pub- 
lications Nos. 4-9807, 4-235505 and 4-235506. The 
control of the refractive index difference between the 
core layer for passing the light and the cladding layer for 
shutting the light is achieved by adjusting the fluorine 
io content in the polyimide. Namely, two kinds of fluori- 
nated polyimide having the different refractive indices 
for the core layer and for the cladding layer are used 
respectively. Therefore, there may be some problems 
with a kind of an optical waveguide; that is, the core 
is layer and the cladding layer may be different in thermal 
properties or the birefringence. 

In the conventional method of manufacturing a 
polyimide optical waveguide, a reactive ion etching 
(RIE) method, which is used in a semiconductor manu- 
re facturing process, is generally employed. The RIE 
method is disadvantageous in that it comprises many 
steps. Therefore, a facile fabrication of polyimide optical 
waveguides, which comprises a smaller number of 
steps and by which the above-mentioned method may 
25 be replaced, has been desired. 

The inventors of the present invention have studied 
to solve the above-mentioned problems and have found 
it possible to change the refractive index of polyimide 
films by irradiating the films with an electron beam, as 
30 they disclose in Japanese Patent Application No. 4- 
226549. 

An object of the present invention is to provide an 
optical waveguide and an improved method of manufac- 
turing a polyimide optical waveguide in which the prob- 

35 lems caused by the difference in thermal properties and 
birefringence between the core and the cladding can be 
solved, with simple steps. 

In order to achieve the above-mentioned object, the 
polyimide optical waveguide according to the present 

40 invention comprises a core made of polyimide whose 
refractive index is controlled to a predetermined value 
by electron beam irradiation; and a cladding in contact 
with the core and having a refractive index lower than 
that of the core. 

45 According to another aspect of the present inven- 
tion, there is provided a polyimide optical waveguide 
comprising: at least one core made of polyimide whose 
refractive index is controlled to a predetermined value 
by electron beam irradiation; and at least one cladding 

so having a refractive index controlled by electron beam 
irradiation and being lower than that of the at least one 
core, wherein the at least one core and the at least one 
cladding are alternately laid one on another. 

Having the above-mentioned structure, both the 

55 core and the cladding of the polyimide optical 
waveguides of the present invention can have almost 
the same thermal properties and birefringence. 

According to still another of the present invention, 
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there is provided a method of manufacturing a pplyim- 
ide optical waveguide, comprising the steps of: forming 
a first polyimide laye* on a substrate; forming a core 
layer having a predetermined refractive index by irradi- 
ating the polyimide layer with an electron beam; forming s 
a second polyimide layer on the core layer and remov- 
ing the substrate, thereby forming a polyimide film hav- 
ing a two-layer structure; and bonding the second 
polyimide layer as a lower cladding to another sub- 
strate, thereby forming a core having a predetermined 10 
shape in the core layer. 

According to a further aspect of the present inven- 
tion, there is provided a method of manufacturing a 
polyimide optical waveguide, comprising steps of: form- 
ing a first polyimide layer on a substrate; forming a sec- 15 
ond polyimide layer on the first polyimide layer, the 
second polyimide layer having a refractive index higher 
than that of the first polyimide layer; forming a third poly- 
imide layer on the second polyimide layer, the third poly- 
imide layer having a refractive index lower than that of 20 
the second polyimide layer; and performing electron 
beam lithography on the three polyimide layers, thereby 
forming a core in the second polyimide layer, the core 
having a predetermined refractive index and a predeter- 
mined shape. 25 

According to an aspect of the present invention, 
there is provided a method of manufacturing a polyim- 
ide optical waveguide, comprising the steps of: forming 
a plurality of polyimide layers, one on another; and irra- 
diating the plurality of poiyimide iayers with an electron 30 
beam, thereby forming cores and claddings alternately 
laid one on another, each cladding having a refractive 
index lower than those of the cores. 

According to another aspect of the present inven- 
tion, there is provided a method of manufacturing a 35 
polyimide optical waveguide, comprising the steps of: 
forcing a first polyimide layer on a substrate; and form- 
ing a core having a predetermined refractive index and 
a predetermined size in an upper surface of the polyim- 
ide layer and to a predetermined depth, by irradiating 40 
the polyimide layer with an electron beam in the condi- 
tion that the election beam is prevented from reaching a 
lower surface of the polyimide layer. 

Further, with the methods of manufacturing the 
polyimide optical waveguide, according to the present 45 
invention, it is possible to form the core easily, in steps 
which are easy to perform. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 50 

FIG. 1 is a sectional view showing one embodiment 
of an embedded channel waveguide in which a core 
having rectangular section is embedded in one 
layer of the cladding of a two-layer structure; 55 
FIG. 2 is a sectional view showing one embodiment 
of an embedded channel waveguide in which the 
core having rectangular section is embedded in the 



^ second layer of the cladding of a three-lsyer struc- 
ture; / 
FIG. 3 is a sectional view showing one embodiment 
of an embedded channel waveguide in which the 
core having semicircle section is embedded in one 
layer of the cladding of a two-layer structure; 
FIG. 4 is a sectional view showing one embodiment 
of a channel waveguide in which the core having 
semi-circle section is embedded in the cladding of a 
one-layer structure; 

FIG. 5 is a sectional view showing one embodiment 
of a channel waveguide in which the core having 
rectangular section is embedded in one layer of the 
cladding of a two-layer structure; 
FIG. 6 is a sectional view showing one embodiment 
of a ridge channel waveguide having the structure 
of forming the core having rectangular section on 
the surface of the cladding of a one-layer structure; 
FIG. 7 is a sectional view showing one embodiment 
of a slab waveguide having the structure of laminat- 
ing the core as the second layer on the surface of 
the cladding of a one-layer structure; 
FIG. 8 is a view showing the steps of manufacturing 
the polyimide optical waveguide by performing 
electron beam lithography, which is one embodi- 
ment of the present invention; 
FIG. 9 is a view showing the steps of manufacturing 
an embedded channel polyimide optical waveguide 
having a three-layer structure which is one embodi- 
ment of the present invention; 
FIG. 10 is a sectional view of an embedded channel 
polyimide optical waveguide of three-layer struc- 
ture, which is one embodiment of the present inven- 
tion; 

FIG. 1 1 is a view showing the steps of manufactur- 
ing an embedded channel waveguide of a two-layer 
structure by an electron beam irradiation, which is 
another embodiment of the present invention; 
FIG. 12 is a sectional view of a subject portion of a 
polyimide optical waveguide of a two-layer struc- 
ture, which is still another embodiment of the 
present invention; 

FIG. 13 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
12; 

FIG. 14 is a sectional view showing the subject por- 
tion of a polyimide optical waveguide of a three- 
layer structure, which is another embodiment of the 
present invention; 

FIG. 15 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
14; 

FIG. 16 is a sectional view showing the subject por- 
tion of a polyimide optical waveguide of a four-layer 
structure, which is still another embodiment of the 
present invention; 

FIG. 17 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
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FIG. 18 is a sectional view of the subject portion of 
showing another polyifriide optical waveguide of a 
four-layer structure; 

FIG. 19 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
18; 

FIG. 20 is a sectional view of the subject portion of 
the polyimide optical waveguide of a five-layer 
structure, which is another embodiment of the 
present invention; 

FIG. 21 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
20; 

FIG. 22 is a sectional view of the subject portion for 
showing another embodiment of the polyimide opti- 
cal waveguide of a five-layer structure; 
FIG. 23 is a view showing the steps ol manufactur- 
ing the polyimide optical waveguide shown in FIG. 
22; 

FIG. 24 is a sectional view of the subject portion of 
a polyimide optical waveguide of a six-layer struc- 
ture, which is a further embodiment of the present 
invention; 

FIG. 25 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
24; 

FIG. 26 is a sectional view of the subject portion of 
showing the polyimide optical waveguide of a six- 
layer structure; 

FIG. 27 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
26; 

FIG. 28 is a sectional view of the subject portion of 
showing an embodiment of a polyimide optical 
waveguide of a seven-layer structure; and 
FIG. 29 is a view showing the steps of manufactur- 
ing the polyimide optical waveguide shown in FIG. 
28. 

Hereinafter, one embodiment of the present inven- 
tion will be explained based on the drawings. 

FIG. 1 shows a sectional view of an embedded 
channel waveguide of a two-layer structure, wherein a 
core 2 is formed on one cladding 1 and another cladding 
3 is laminated on the cladding 1 so as to embed the core 
2. The core 2 used herein is made of polyimide whose 
refractive index is controlled by irradiating with an elec- 
tron beam. The polyimide includes polyimides formed of 
a tetracarboxylic acid or a derivative thereof and a 
diamine, polyimide copolymers, and polyimide mixtures, 
whose refractive index can be controlled. 

A derivative of a tetracarbxylic acid includes an 
acid anhydride, an acid chloride, or an ester. Exam- 
ples of a tetracarboxylic acid are (trifluorome- 
thyl)pyromellitic acid, di(trifluoromethyl)pyromellitic 
acid, di(heptafluoropropyl)pyromellitic acid, pen- 
tafluoroethylpyromellitic acid. bis{3,5-di(trifluorome- 



thyl)phenoxy}pyromellitic acid. 2,3.3\4'-biph^nyl- 

* tetracarboxylic acid. 3,3\4,4'-tetracarboxydiphenyl- 
ether, 2,3',3,4*-tetracarboxydiphenylether, 3,3\4.4'- 
benzophenonetetracarboxylic acid, 2,3,6,7-tetracar- 

5 boxynaphthalene, 1 ,4,5,7-tetracarboxynaphthalene, 
1 ,4,5.6-tetracarboxynaphthalene, S.^.M'-tetracarbox- 
ydiphenylmethane, 3,3\4,4'-tetracarboxydiphenylsul- 
fone, 2,2-bis(3,4-dicarboxyphenyl)propane, 2,2-bis(3,4- 
dicarboxyphenyl)hexafluoropropane. 5,5'-bis(trifluor- 

10 omethyl)-3,3\4,4'-teracarboxybiphenyl, 2,2',5,5'-tet- 
rakisftrifluoromethyO-S.S'^^'-tetracarboxybiphenyl, 
S.S'-bisCtrifluoromethyO-S.S'^^'-tetracarboxydiphenyl- 
ether, S.S'-bis^rHluoromethylJ-S.S'^^'-tetracarboxy- 
benzophenone, bis{(trifluoromethyl)dicarboxyphe- 

r5 noxyjbenzene, bis{(trifluoromethyl)dicarboxyphe- 
noxy|(trifluoromethyl)benzene, bis(dicarboxyphe- 
noxy)(trifluoromethyl)benzene, bis(dicarboxyphe- 
noxy)bis(trifluoromethyl)benzene, bis(dicarboxyphen- 
oxy)tetrakis(trif luoromethyl)benzene. 3,4.9. 10-tetracar- 

20 boxyperylene, 2,2-bis{4-(3,4-dicarboxyphenoxy)phe- 
nyl)propane, butanetetracarboxylic acid, cyclopentane- 
tetracarboxylic acid. 2,2-bis{4-(3.4-dicarboxyphe- 
noxy)phenyl}hexafluoropropane. bis{(trifluorome- 
thyl)dicarboxyphenoxy)biphenyl, bis{(trifluoromethyl)di- 

25 carboxyphenoxy}bis(trifluoromethyl)biphenyl, bis{(trif- 
luoromethyl)dicarboxyphenoxy}diphenylether, bis(dicar- 
boxyphenoxy)bis(trifluoromethyl)biphenyl. bis(3,4- 
dicarboxyphenyl)dimethylsilane. 1 ,3-bis(3.4<iicarboxy- 
phenyl)tetramethyldisiloxane, difluoropyromellitic acid, 

30 1,4-bis(3,4-dicarboxytrifluorophenoxy)tetrafluoroben- 
zene, 1 ,4-bis(3,4-dicarboxytrif luorophenoxy)octaf luoro- 
biphenyl. 

Examples of a diamine include m-phenylenedi- 
amine, 2,4-diaminotoluene, 2,4-diaminoxylene, 2,4- 

35 diaminodurene, 4-(1H,1H,1 1 H-eicosaf luoroundecan- 
oxy)-1 ,3-diaminobenzene. 4-(1 H.1 H-perf luoro-1 -butan- 
oxy)-1 ,3-diaminobenzene, 4-(1 H, 1 H-perf luoro-1 - 
heptanoxy)-1 ,3-diaminobenzene, 4-(1 H, 1 H-perf luoro-1 - 
octanoxy)-1,3-diaminobenzene, 4-pentafluorophenoxy- 

40 1 ,3-diaminobenzene, 4-(2,3,5,6-tetrafluorophenoxy)- 
1 ,3-diaminobenzene, 4-(4-fluorophenoxy)-1 ,3-diami- 
nobenzene, 4-(1 H, 1 H,2H,2H-perf luoro-1 -hexanoxy)- 
1 ,3-diaminobenzene, 4-(1 H,1 H,2H,2H-perf luoro-1 - 
dodecanoxy)-1 ,3-diaminobenzene, p-phenylenedi- 

45 amine, 2,5-diaminotoluene, 2,3,5.6-tetramethyl-p-phe- 
nylenediamine, 2,5-diaminobenzotrifluoride, bis(tri- 
fluoromethyl)phenylenediamine, diaminotetra(trifluor- 
omethyl)benzene, diamino(pentafluoromthyl)benzene, 
2,5-diamino (perfiuorohexyl)benzene, 2,5-diamino(per- 

50 f luorobuthyl)benzene, benzidine. 2, 2'-dimethylbenzi- 
dine, 3,3*-dimethylbenzidine, S.S'-dimethoxybenzidine, 
2,2'-dimethoxybenzidine, 3.3\5.5'-tetramethylbenzi- 
dine, 3 ,3*-diacetylbenzidine, 2 ,2'-bis(trif luoromethy I) - 
4.4'-diaminobiphenyl, octafluorobenzidine. 3,3'-bis(trif- 

55 luoromethyl)-4,4'-diaminobiphenyl, 4,4'-diaminodiphe- 
nylether, 4,4 , -diaminodiphenylmethane, 4,4'-diamino- 
diphenylsuifone, 2,2-bis(p-aminophenyl)propane, 3.3'- 
dimethyl-4,4 , -diaminodiphenylether, S.S'-dimethyK*- 
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diaminodiphenylmethane, 1,2-bis(anilino)ethan€L 2,2- 
bis(p-aminophenyl)hexaf luoropropane, " 1 ,3-bis(an> 
lino)hexafluoropropane, 1,4-bis(anilino)octafluorobu- 
tane, 1 ,5-bis(anilino)decaf luoropentane, 1 ,7-bis(ani- 
lino)tetradecafluoroheptane, 2,2 , -bis(trifluoromethyl)- 5 
4,4'-diaminodiphenylether, a^'-bisCtrifluoromethyl)^^'- 
diaminodiphenylether, 3.3\5,5Metrakis(trifluoromethyl)- 
4,4*-diaminodiphenylether, S^'-bisCtrifluoromethyl)^,^- 
diaminobenzophenone, 4,4 ,, -diamino-p-terphenyl, 1 ,4- 
bis(p-aminophenyl)benzene, p-bis(4-amino-2-trifluor- 10 
omethylphenoxy)benzene, bis(aminophenoxy)bis(tri- 
fluoromethyl)benzene, bis(aminophenoxy)tetrakis (tri- 
fluoromethyl)benzene, 4,4" , -diamino-p-quarterphenyl, 
4,4'-bis(p-aminophenoxy)biphenyl, 2,2-bis{4(p-amino- 
phenoxy)phenyl}propane, 4,4*-bis(3-aminophenoxy- 75 
phenyl)diphenylsulfone, 2,2-bis{4-(4-aminophe- 
noxy)phenyl}hexafluoropropane, 2,2-bis{4-(3-ami- 
nophenoxy)phenyl}hexafluoropropane, 2,2-bis{4-(2- 
aminophenoxy)phenyl}hexafluoropropane, 2,2-bis{4-(4- 
aminophenoxy)-3,5-dimethylphenyl}hexafluoropro- 20 
pane, 2,2-bis{4-(4-aminophenoxy)-3,5-ditrifluoromethyl- 
phenyljhexafluoropropane. 4,4'-bis(4-amino-2-trifluoro- 
methylphenoxy)biphenyl, 4.4 , -bis(4-amino-3-trifluoro- 
methylphenoxy)biphenyl, 4,4'-bis(4-amino-2-trifluoro- 
methylphenoxy)diphenylsulfone. 4,4'-bis(3-amino-5-trif- 25 
luoromethylphenoxy)diphenylsulfone, 2,2-bis{4-(4-ami- 
no-3-trifluoromethylphenoxy)phenyl}hexafluoropro- 
pane, bis{(trifluoromethyl)aminophenoxy}biphenyl, 
bis[[(trifluoromethyl)aminophenoxy}phenyl]hexafluoro- 
propane, diarninoanthraquinone, 1 ,5-diaminonaphtha- 30 
lene. 2,6-diaminonaphthalene, bis{2-(amino-phe- 
noxy)phenyl}hexafluoroisopropylbenzene, bis(2,3.5,6)- 
tetrafluoro-4-aminophenyl)ether, bis(2,3,5,6)-tetra- 
fluoro-4-aminophenyl)sulfide, 1,3-bis(3-aminopro- 
pyl)tetramethyldisiloxane, 1 ,4-bis(3-aminopropyldimeth- 35 
ylsilyl)benzene, bis(4-aminophenyl)di-ethylsilane, 1 ,3- 
diaminotetraf luorobenzene, 1 ,4-diaminotetraf luoroben- 
zene, 4,4'-bis(tetrafluoroaminophenoxy)octafluorobi- 
phenyl. 

A fluorinated polyimide obtained from a tetracar- 40 
boxylic dianhydride and a diamine, either one of, or both 
of which contain a fluorine atom combined thereto, is 
particularly preferably used in the present invention. 
Namely, either one of, or both of a fluorinated dianhy- 
dride and a fluorinated diamine are used to produce a 45 
polyimide. 

The above mentioned embedded channel 
waveguide as shown in FIG. 1 can be manufactured by 
the following method. 

A polyamic acid solution is spin-coated on a sub- so 
strate such as of silicon, and is thermally cured to form 
a polyimide layer. An electron beam is irradiated on the 
entire surface of the polyimide layer to change the 
refractive index to a predetermined value. An electron 
beam-absorbed dose of the polyimide layer depends on 55 
the composition of the polyimide, an energy of the elec- 
tron beam, and the applied amount of the electron beam 
irradiation. The refractive index changes in accordance 



therewith approximately. / 

This polyimide layer irradiated witH the electron 
beam is used as a core layer. 

Next, the same polyamic acid solution is spin- 
coated on the core layer, and is thermally cured. The 
material is separated from the substrate to obtain a 
polyimide film of a two-layer structure. 

Then, the polyimide film of a two-layer structure is 
made to reverse and the irradiated polyimide layer is 
made to the upper surface. The lower surface of the 
reversed film is adhered by a method such as a thermo- 
compression bonding on the other silicon substrate. 

Next, the core layer is patterned into a desired 
shape, for example, a rectangular shape, by RIE (reac- 
tive ion etching) method. 

Finally, the same polyamic acid solution is spin- 
coated over the patterned core layer, as an upper clad- 
ding layer, and is thermally cured, thereby preparing an 
embedded channel waveguide. 

The step of irradiating the entire surface of the poly- 
imide layer with the electron beam, as described above, 
can be applied in forming an embedded channel 
waveguide, a ridge channel waveguide, and a slab 
waveguide, respectively shown in FIGS. 1. 6, and 7. 
Further, if a metal mask or the like is used, the irradia- 
tion step can be applied in forming an embedded chan- 
nel waveguide and a channel waveguide as shown in 
FIGS. 2, 3, 4. and 5. 

In the above-mentioned process, the entire surface 
of the polyimide film is irradiated with the electron beam 
to form the core layer, and the RIE method is used at the 
time of forming the core. Alternatively, the electron 
beam irradiation is applied partially on the polyimide 
layer by using the metal mask or the like. However, for 
example, there is another method of forming the core 
having the predetermined refractive index and size in 
which electron beam lithography is applied selectively 
on the polyimide layer by means of an electron beam 
lithography system used in LSI manufacturing, without 
using the RIE processing. For example, a polyimide 
solution or a solution of a precursor thereof is applied by 
spin-coating on a silicon substrate 10, heated to remove 
the solvent, and cured if necessary, thereby to obtain a 
polyimide film 1 1 in step A as shown in FIG. 8. Next, the 
electron beam lithography is performed in step 8 shown 
in FIG. 8, to form a core 12 having the predetermined 
refractive index and size. 

By these two steps B and C shown in FIG. 8, it is 
possible to obtain an optical waveguide approximately 
same as a ridge channel waveguide formed by using 
the conventional RIE method. That is, it is possible to 
reduce the number of steps. By using such electron 
beam lithography method, it is possible to obtain an 
embedded channel or channel waveguide as shown in 
FIGS. 2, 3, 4, and 5. 

The structure of the optical waveguide manufac- 
tured by the above-mentioned process will be explained 
with reference to sectional views of FIGS. 2 to 7. 
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FIG. 2 is a sectional view showing one embodiment 
of the embedded channel waveguide in which the core 
2 having a rectangular section is embedded in the sec- 
ond layer of the cladding layers 1, 3. and 4 forming a 
three-layer structure. 

FIG. 3 is a sectional view showing one embodiment 
of the embedded channel waveguide in which the core 
having a semicircle section is embedded in one of the 
cladding layers forming a two-layer structure. 

FIG. 4 is a sectional view showing one embodiment 
of the channel waveguide, in which the core having a 
semicircle section is embedded in the cladding forming 
a one-layer structure. In this case, one of the cladding 
layers forming two-layer structure as shown in FIG. 3 
can be of air. 

FIG. 5 is a sectional view showing one embodiment 
of the channel waveguide in which the core having a 
rectangular section is embedded in one of the cladding 
layers forming a two-layer structure. In this case, the 
third cladding layer shown in FIG. 2 can be of air. 

The structure of the optical waveguide in this inven- 
tion is not limited to the embedded optical waveguide 
and the channel optical waveguide, both mentioned 
above. It can be applied for a ridge channel waveguide 
having the structure wherein the core having a rectan- 
gular section is mounted on the surface of the cladding 
having a one-layer structure, as shown in the sectional 
view of FIG. 6. Further, as shown in the sectional view 
of FIG. 7, it can be applied for a slab waveguide having 
the structure wherein the core used as the second layer 
is laminated on the surface of the cladding having a 
one-layer structure. 

Furthermore, the manufacturing of a waveguide 
with a guiding condition such as single-mode or a multi- 
mode are realized by controlling a core-cladding refrac- 
tive index ratio, using electron beam irradiation. 

Further, even if the above-mentioned electron 
beam lithography system is not used, it is possible to 
form the core layer by irradiating the polyimide with the 
electron beam through an ordinary photomask. 

Furthermore, as the means for forming an embed- 
ded channel waveguide, the core layer film can be sand- 
wiched by polyimide films which will become claddings, 
and these components can be compressed or adhered 
through thin adhesive agent layers. 

Hereinafter, the reference will be made to the spe- 
cific Examples of the present invention. However, the 
present invention is not restricted to these Examples. 

Example 1 

88.8 g (0.2 mol) of 2,2-bis(3,4-dicarboxyphe- 
nyl)hexafluoropropane dianhydride. 64.0 g (0.2 mol) of 
2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl, and 1000 
g of N,N-dimethylacetamide were added in a conical 
flask. The mixture was stirred for three days at the room 
temperature under nitrogen atmosphere to obtain a 
polyamic acid solution having a concentration of about 



15% by weight. The polyamic acid solution was sfrn- 
coated on a silicon wafer, and heated at 70°C x for two 
hours, at 160°C for one hour, at 250°C for 30 minutes, 
and at 380°C for one hour in an oven to imidize it, 

5 thereby obtaining a polyimide layer with 10 urn thick- 
ness. As a result of measuring the refractive index of the 
film at wavelength of 1 .3 urn, the refractive index in the 
direction parallel to the film surface (TE) was 1 .521 and 
the refractive index in the direction perpendicular to the 

10 film surface (TM) was 1.513. Further, a thermal expan- 
sion coefficient was 8.2 x tO' 5 and a glass transition 
temperature was 335°C. 

The polyimide layer formed on the silicon substrate 
was irradiated with the electron beam having an energy 

is of 400 keV for about 30 minutes at room temperature at 
a dose of 5 x 10 15 e/cm 2 . The measured refractive indi- 
ces of this polyimide layer were 1 .526 for TE direction 
and 1.517 for TM direction respectively. Further, the 
thermal expansion coefficient was 8 x 10" 5 , and the 

20 glass transition temperature was 330°C. 

After the same polyamic acid solution was spin- 
coated on the electron-beam irradiated polyimide, the 
solution was heated at 70°C for two hours, at 160°C for 
one hour, at 250°C for 30 minutes, and at 380°C for one 

25 hour in the oven for imidization, thereby obtaining a 
polyimide film having a thickness of 30 urn and a two- 
layer structure. This polyimide film was separated from 
the silicon substrate, the irradiated polyimide surface 
was made to be an upper layer, and the lower layer was 

30 adhered to another silicon substrate. 

Next, using an electron beam vapor deposition sys- 
tem, a 0.3 urn thick aluminum film was formed on the 
polyimide film. After an usual positive resist was applied 
by the spin-coating method, prebake was performed. 

35 Then, ultraviolet rays were applied through a mask for 
forming a pattern having a line width of 10 urn and a 
length of 60 mm by using an ultra-high pressure mer- 
cury lamp, and the resist was developed by using a 
developer for positive resist. Thereafter, afterbake was 

40 performed. Next, the aluminum film was wet etched at 
each portion not coated with the resist. After washing 
and drying, the RIE processing of the polyimide was 
performed by using a dry etching system. The alumi- 
num remaining on the polyimide was removed by apply- 

45 ing the above-mentioned etching solution to obtain a 
ridge channel waveguide having a core width of 10 jim. 

Further, the same polyamic acid solution was spin- 
coated on the ridge channel waveguide, and was 
heated at 70°C for two hours, at 160°C for one hour, at 

so 250°C for 30 minutes, and at 380°C for one hour in the 
oven to achieve imidization. Thus, an upper cladding 
layer was formed. In this manner, an embedded channel 
waveguide was obtained in which the core-cladding 
refractive index ratio was almost same at TE and TM 

55 (0.005 for TE, 0.004 for TM). Further, the core and the 
cladding of this waveguide had almost the same ther- 
mal properties. 

As mentioned above, it is possible to manufacture a 
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polyimide optical waveguide whose core and cladding 
have almost the same thermal 'properties and birefrin- 
gence. 

Next, another method of manufacturing a polyimide 
optical waveguide, using the polyimide multi-layer film of 
the present invention, will be described with reference to 
another embodiment. 

FIG. 9 is a view showing the steps in forming an 
embedded channel waveguide having a three-layer 
structure, according to the present invention. FIG. 10 is 
a sectional view of the embedded channel waveguide. 
According to the method of the present invention, it is 
possible to form the waveguide in four steps. Unlike in 
the conventional method using the RIE method, it is 
possible to reduce the number of steps. Namely, a poly- 
imide solution or a precursor solution is coated by, for 
example, spin-coating method on the substrate 10 of sil- 
icon or the like, in the step A shown in FIG. 9. The solu- 
tion is heated to remove the solvent, and cured, if 
necessary, thereby to obtain a first polyimide layer as 
shown in step B shown in FIG. 9. Then, a second poly- 
imide layer 13 is formed on the first polyimide layer 11, 
in step C shown in FIG. 9 by using a polyimide material 
whose refractive index is larger than that of the first 
layer. Further, a third polyimide layer 1 4 is formed on the 
second polyimide layer 1 3 in step D shown in FIG. 9 by 
using a polyimide material whose refractive index is 
smaller than that of the second layer 13. The desired 
pattern is drawn on the polyimide film having the three- 
layer structure with an electron beam, so as to have a 
predetermined refractive index and a predetermined 
size. The relationship of refractive indices of these poly- 
imide layers is n1<n2, and n3<n2, where the refractive 
index of the first polyimide layer is n1 , that of the second 
polyimide layer is n2, and that of the third polyimide 
layer is n3. If changes of the refractive indices of the 
three polyimide layers are represented by An1 , An2, and 
An3, respectively, by the electron beam irradiation, the 
refractive index of a region 1 of FIG. 10 is n3, that of a 
region 2 is n3 + An3, that of a region 3 is n3, that of a 
region 4 is n2, that of a region 5 is m , that of a region 6 
is n1 + An1 , that of a region 7 is n1 , that of a region 8 is 
n2, and that of a region 9 is n2 + An2. The materials and 
the irradiation condition are selected such that each dif- 
ference (An1 - An2, An2 - An3, An3 - An1) of the refrac- 
tive index change An1 , An2, An3 caused by the electron 
beam irradiation is less than the refractive index differ- 
ence between the original materials. Hence, the region 
9 having the largest refractive index becomes the core 
in which the light is confined and guided. 

When the electron beam is applied onto the polyim- 
ide film, measures are taken, if necessary, to prevent 
deflection of the electron beam caused by a charge of a 
static electricity. To this end, for example, a conductive 
film may be deposited on the polyimide film, or a con- 
ductive mesh may be compressed on the polyimide film. 

Furthermore, it is possible to perform various pre- 
treatments for the material to be irradiated with the elec- 



tron beam. For example, the mater+ahCan be left in the 
atmosphere which is filled with a substance and be irra- 
diated with an electron beam to perform the electron 
beam irradiation effectively. It is possible to set the pre- 
5 treatment conditions freely in accordance with the 
objective. 

After the core is formed by the electron beam lithog- 
raphy, if the core is sandwiched, at its upper and lower 
sides, between by the polyimide layers having lower 
w refractive indices than that of the core, it is possible to 
obtain an embedded channel waveguide. The core is 
sandwiched through adhesive layers, by using thermo- 
compression bonding, or by using spin-coating. 

The optical waveguide may have various shapes; it 
15 can be a linear, curved, folded. S-shpaed, tapered, 
branched, or crossing optical directional coupler. It can 
be a two-mode waveguide coupler, or a grating. Further, 
the width of the core can be set freely. 

Hereinafter, the present invention will be described 
20 in detail, with reference to Examples. However, the 
present invention is not limited to these Examples. Typ- 
ical Examples will be shown below though it is possible 
to manufacture the various kinds of polyimide optical 
waveguide by combining materials and shapes in vari- 
25 ous ways. 

Example 2 

88.8 g (0.2 mol) of 2,2-bis(3,4-dicarboxyphe- 

30 nyl)hexafluoropropane dianhydride, 64.0 g (0.2 mol) of 
2,2-bis(trifluoromethyl)-4,4 , -diaminobiphenyl, and 1000 
g of N.N-dimethylacetamide were added in a conical 
flask. The mixture was stirred for three days at room 
temperature under nitrogen atmosphere to obtain a 

35 polyamic acid solution having a concentration of about 
15% by weight. After the polyamic acid solution was 
spin-coated on a silicon wafer, it was heated at 70°C for 
two hours, at 160°C for one hour, at 250°C for 30 min- 
utes, and at 350°C for one hour in an oven to achieve 

40 imidization, thereby forming a polyimide layer with 10 
^m thickness. Then, aluminum was deposited on the 
polyimide layer to a thickness of 10 nm within a vacuum 
deposition system, and the resultant structure was intro- 
duced into an electron beam lithography system. 

45 Further, a pattern having a width of 8 |im and a 
length of 66 mm was drawn on the polyimide layer by 
using an electron beam having energy of 25 keV at a 
dose of 1500 fiC/cm 2 . 

Thereafter, the aluminum film was removed by 

so using an etching solution to obtain a polyimide optical 
waveguide. End of the obtained polyimide optical 
waveguide was optically polished, and a light having a 
wavelength of 633 nm was introduced thereinto. It was 
confirmed that the light was confined in the core and 

55 was guided. Further a light having a wavelength of 1 .3 
^m was introduced within the core of the waveguide via 
a single mode optical fiber, and the output light was 
received by a multi-mode optical fiber. When the inten- 
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sity of the output light was measured, it was confirmed 
thai the loss was 1 dB/cm or less, including the coupling 

loss. 

Example 3 

Aluminum was deposited on the polyimide film 
formed in the same way as in Example 2, and was intro- 
duced into the electron beam lithography system. 

A pattern having a width of 10 um and a length of 
66 mm was drawn on the film by using an electron beam 
having energy of 25 keV at a dose of 900 uC/cm 2 . 

Thereafter, the loss of the light having 1.3 urn of 
wavelength was measured for the waveguide prepared 
in this Example. It was 1 dB/cm or less, including the 
coupling loss. 

Example 4 

88.8 g (0.2 mol) of 2,2-bis(3,4-dicarboxyphe- 
nyl)hexafluoropropane dianhydride, 64.0 g (0.2 mol) of 
2,2-bis(trifluoromethyl)-4,4 , -diaminobiphenyl, and 1000 
g of N.N-dimethylacetamide was added in a conical 
flask. The mixture was stirred for three days at room 
temperature under nitrogen atmosphere to obtain a 
polyamic acid solution having a concentration of about 
15% by weight (hereinafter referred to as Solution A). 
Solution A was spin-coated on an optically polished alu- 
minum plate and heated at 70°C for two hours, at 160°C 
for one hour, at 250°C for 30 minutes, and at 350°C for 
one hour in the oven to achieve imidization, thereby 
forming a polyimide layer having a thickness of 10 um. 
The mean refractive index of this layer relative to light 
having a wavelength of 1 .3 um was 1.519. 

Instead of 0.2 mol of 2,2-bis(3,4-dicarboxyphe- 
nyl)hexaf!uoropropane dianhydride, 0.14 mol of 2,2-bis 
(3,4-dicarboxyphenyl)hexafluoropropane dianhydride 
and 0.06 mol of pyromellitic acid dianhydride were used 
to prepare a polyamic acid solution (hereinafter referred 
to as Solution B) and a polyimide layer in the manner 
described above. The refractive index of this layer 
exhibited to the light having 1.3 um wavelength was 
1.527. 

Solution A was spin-coated on an optically polished 
aluminum substrate, such that a cured layer has a thick- 
ness of 20 um. The solution was heated at 70°C for two 
hours, at 160°C for one hour, at 250°C for 30 minute, 
and at 380°C for one hour in the oven to obtain a first 
polyimide layer. Further, Solution B was spin-coated 
thereon such that a cured layer has a thickness of 8 um, 
and a second polyimide layer was prepared under the 
same curing condition. Aluminum was deposited to a 
thickness of 10 nm on the film having the two-layer 
structure in the vacuum deposition system, and the 
resultant structure was introduced into the electron 
beam lithography system. The polyimide film was irradi- 
ated with an electron beam having energy of 25 keV, 
over a width of 8 um and a length of 66 mm, at a dose 



of 1500 uC/cm 2 . Then, the aluminum filmjwas removed 
by an etching solution, thereby obtaining a polyimide 
optical waveguide. 

The end of the obtained polyimide optical 

5 waveguide were optically polished, and a light having a 
wavelength of 633 nm was introduced thereinto. It was 
confirmed that the light was confined in the second layer 
and was guided. Further, a light having a wavelength of 
1 .3 um was found to be confined in the region (8 um x 8 

10 um) and be guided to the output end of the waveguide. 

Example 5 

Solution A was spin-coated on the film having the 

is two-layer structure prepared in the same way as in 
Example 4, and thermally cured under the same curing 
conditions to form a third polyimide layer having a thick- 
ness of 20 fim. 

On the thus obtained polyimide film having the 

20 three-layer structure, the electron beam lithography was 
performed in the same manner as in Example 4, by 
using the electron beam lithography system. 

The end of the obtained polyimide optical 
waveguide was optically polished, and a light having a 

25 wavelength of 633 nm was introduced thereinto. It was 
confirmed that the light was confined in the second layer 
and was guided. Further, as for the light having a wave- 
length of 1 .3 um. it was confirmed that the light was con- 
fined in the region of 8 urn x 8 um, and was guided to 

30 the another end of the waveguide. 

Example 6 

On the film having a three-layer structure prepared 

35 in the same way as in Example 5, Solution B was spin- 
coated so as to obtain a thickness of 8 um after the heat 
curing, and cured under the same curing condition to 
form a fourth layer. Further, Solution A was spin-coated 
thereon so as to obtain a thickness of 20 um after the 

40 heat curing, and cured under the same curing condition 
to form a fifth layer. 

Electron beam lithography was performed on the 
polyimide film having the five-layer structure in the same 
condition as in Example 4, by using the electron beam 

45 lithography system. 

The end of the obtained polyimide optical 
waveguide having the multi-layer structure was optically 
polished, and a light having a wavelength of 633 nm 
was introduced thereinto. It was confirmed that the light 

so was confined in the second and fourth layers. Further, 
as for the light having a wavelength of 1.3 um, it was 
confirmed that the light was confined in the regions of 8 
um x 8 um of the second and fourth layers and was 
guided to the another end of the waveguide. 

55 

Example 7 

Solution A was spin-coated on a film having a two- 
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layer structure prepared in the same way as in Example 
4, so as to obtain a thickness of 20 urn after* the heat 
curing, and cured under the same curing condition to 
form a third layer. Aluminum was deposited to a thick- 
ness of 10 nm on the film having the three-layer struc- 5 
ture within the vacuum deposition system. The resultant 
structure was introduced into the electron beam lithog- 
raphy system. Then, this film was irradiated with an 
electron beam having energy of 50 keV, over a region of 
8 nm (width) x 66 mm (length) at a dose of 1500 10 
p.C/cm 2 . Thereafter, the aluminum film was removed by 
using an etching solution to obtain a polyimide optical 
waveguide. 

The end of the obtained polyimide optical 
waveguide was polished optically, and a light having a 15 
wavelength of 633 nm was introduced thereinto. It was 
confirmed that the light was confined in the second layer 
and was guided. Further, as for the light having a wave- 
length of 1 .3 |im, it was confirmed that the light was con- 
fined in the region of 8 ^m x 8 j^m, and was guided to 20 
the another end of the waveguide. 

Example 8 

On a film having a three-layer structure prepared in 25 
the same way as in Example 5, Solution B was spin- 
coated so as to obtain a thickness of 8 jim after the heat 
curing, and cured under the same curing condition to 
form a fourth layer. Further, Solution A was spin-coated 
thereon so as to obtain a thickness of 10 urn after the 30 
heat curing, and cured under the same curing condition 
to form a fifth layer. 

Electron beam lithography was performed on the 
polyimide film having the five-layer structure, in the 
same way as in Example 7, by using the electron beam 35 
lithography system. 

An end of the obtained polyimide optical waveguide 
having the multi-layer structure was polished optically, 
and light having a wavelength of 633 nm was applied to 
the end. It was confirmed that the light was confined in 40 
the second and fourth layers and was guided. As for the 
light having a wavelength of 1.3 urn, it was confirmed 
that the light was confined in the regions of 8 urn x 8 urn 
of the second and fourth layers and was guided to the 
another end of the waveguide. 45 

Next, a method of preparing the polyimide optical 
waveguide according to another embodiment of the 
present invention will be described with reference to 
FIG. 11. 

After a polyimide solution or a polyamic acid solu- so 
tion was applied by spin-coating on a substrate 10 as 
shown in FIG. 11, the resultant structure was heated, 
the solvent was removed, and the structure was cured, 
if necessary, thereby to obtain a polyimide film 11 in 
step A shown in FIG. 11. Then, an electron beam 55 
energy was selected, and the electron beam was 
applied to the film 11, thus changing the refractive index 
of the film 1 1 to a predetermined value and forming the 
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predetermined size thereof, to form-arcore 1 2 having the 
predetermined depth in step B shown in FIG. 11. The 
electron beam must be applied in such a condition as 
not to permeate to the rear surface of the polyimide film 
11. In this manner, a channel waveguide can be pre- 
pared. 

Further, it is possible to form an upper cladding 14 
in step C shown in FIG. 1 1 by means of spin-coating a 
polyimide solution or a polyamic acid solution on the 
lower cladding. 

With the manufacturing method described above, it 
is possible to omit the step of bonding the polyimide 
films and to omit the step of performing spin-coating on 
the polyimide film separated from the substrate. This 
further simplifies the manufacturing method. 

In the steps A to C shown in FIG. 1 1 , the polyimide 
material can be treated in various ways before electron 
beam irradiation. For example, the electron beam irradi- 
ation can be achieved effectively by holding the material 
in an atmosphere filled with a substance. It is possible to 
perform pretreatment freely, in accordance with the 
objective. 

As for the shape of the optical waveguide, the path 
can be a liner, curved, folded, S-shaped. tapered, 
branched or crossing optical direction coupler. Further- 
more, it can be a two-mode waveguide coupler, or a 
grating. Further, the core can have any width and depth 
desired. 

Specific examples will be explained. Although it is 
possible to manufacture the various kinds of polyimide 
optical waveguides by changing the combination of the 
material and the shape, typecial examples are as fol- 
lows. 

Example 9 

88.0 g (0.2 mol) of 2, 2-bis(3,4-dicarboxyphe- 
nyl)hexafluoropropane dianhydride, 64.0 g (0.2 mol) of 
2,2-bis(trifluoromethyl)-4,4'<liaminobiphenyl. and 1000 
g of N,N-dimethylacetamide were added in a conical 
flask. The mixture was stirred for three days at room 
temperature under nitrogen atmosphere to obtain 
polyamic acid having a concentration of about 15% by 
weight. The polyamic acid solution was spin-coated on 
a silicon wafer, and heated at 70°C for two hours, at 
160°C for one hour, at 250°C for 30 minutes, and at 
350°C for one hour in an oven, to achieve imidization. 
Thus, a polyimide film having a thickness of 50 nm was 
obtained. This film was introduced into an electron 
beam lithography system. 

Then, this film was irradiated with an electron beam 
having energy of 1 0 keV at a dose of 1 500 uC/cm 2 , thus 
forming a pattern having a width of 8 nm and a length of 
60 mm. 

An end of the polyimide optical waveguide, thus 
formed was polished optically, and a light having a 
wavelength of 1 .3 nm was introduced thereinto. When 
the another end of the waveguide was observed by 
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using a microscope with jan infrared camera, it was con- 
firmed that the light was confined in the waveguide*. 

Example 1Q 

88.8 g (0.2 mol) of 2,2-bis(3,4-dicarboxyphe- 
nyl)hexafluoropropane dian hydride, 64.0 g (0.2 mol) of 
2,2-bis(trifluoromethyl)-4,4 , -diaminobiphenyl, and 1000 
g of N,N-dimethylacetamide were added in a conical 
flask. The mixture was stirred for three days at room 
temperature under nitrogen atmosphere, to obtain a 
polyamic acid solution having a concentration of about 
15% by weight This polyamic acid solution was spin- 
coated on a silicon wafer, and heated at 70°C for two 
hour, at 160°C for one hour, at 250°C for 30 minutes, 
and at 350°C for one hour in the oven to achieve imidi- 
zation. Thus, a polyimide layer having a thickness of 50 
jirn was obtained. This layer was introduced into an 
electron beam lithography system. 

Then, an electron beam having an energy of 10 keV 
was applied onto this film at a dose of 1 500 nC/cm 2 , 
thereby forming a pattern having a width of 8 *im a 
length of 60 mm. 

Thereafter, the polyamic acid solution was spin- 
coated on the polyimide layer formed above and cured 
to obtain an embedded channel polyimide optical 
waveguide. The end of the polyimide optical waveguide 
was polished optically, and light having a wavelength of 
1.3 urn was introduced thereinto. When the another end 
of the waveguide was observed using a microscope 
with an infra-red camera, it was confirmed that the light 
was confined in the core of the waveguide. 

This embedded channel polyimide optical 
waveguide could be made in only three steps, in less 
steps than in the conventional method. Further, it could 
be manufactured without bonding between polyimide 
films and without performing spin-coating on the sepa- 
rated polyimide film. 

Embodiments of the polyimide optical waveguides 
having two or more polyimide layers, and a method of 
manufacturing waveguides, wherein cores and cladding 
are formed alternately in the predetermined regions of 
the layers will be explained with reference to FIGS. 1 2 to 
29. 

FIG. 12 is a sectional view of the subject portion of 
a polyimide optical waveguide having a two-layer struc- 
ture. The optical waveguide has a polyimide layer 20 
having a predetermined refractive index. A second poly- 
imide layer 21 having a refractive index higher than that 
of the polyimide layer 20 is formed on the layer 20. A 
cladding 23 is formed in the polyimide layer 20 by apply- 
ing an electron beam from the upper side to the prede- 
termined region, and a core 24 is formed in the 
polyimide layer 21. 

The process of manufacturing the core and the 
cladding of the waveguide shown in FIG. 12 will be 
described with reference to FIG. 13. 

The polyimide layer 20 is formed on the substrate 



10 in step A shown in FIG. 13, and thepolyimide layer 
21 is formed on the layer 20 in step B shown in FIG. 13. 
Then, an electron beam is directed from above the 
upper side of the polyimide layer 21 and hence to the 
substrate 10. The cladding 23 is thereby formed in the 
polyimide layer 20, and the core 24 is thus formed in the 
second polyimide layer 21 over the region irradiated 
with the electron beam, in step C shown in FIG. 13. 

FIG. 14 is a sectional view of the subject portion of 
a polyimide optical waveguide having a three-layer 
structure. The waveguide has a polyimide layer 21 hav- 
ing a predetermined refractive index. A second polyim- 
ide layer 20 having a refractive index lower than that of 
the polyimide layer 21 is formed on the layer 21 . Further 
a third polyimide layer 22 having a refractive index 
higher than that of the second polyimide layer 20 is 
formed on the second polyimide layer 20. A core 24 is 
formed in the polyimide layer 21 by applying an electron 
beam onto the upper side and hence to the substrate 
10. A cladding 23 is formed in the polyimide layer 20, 
and another core 25 is formed in the polyimide layer 22. 

The process of manufacturing the core and the 
cladding of the waveguide shown in FIG. 14 will be 
described with reference to FIG. 15. 

The polyimide layer 21 is formed on the substrate 
10 in step A shown in FIG. 15. The second polyimide 
layer 20 is formed on the polyimide layer 21 in step B 
shown in FIG. 15. Further, in step C shown in FIG. 15, 
the third polyimide layer 22 is formed on the second 
polyimide layer 20. 

Then, in step D shown in FIG. 15, an electron beam 
is directed from above the upper side of the polyimide 
layer 22 and hence to the substrate 10. The core 24 is 
thereby formed in the polyimide layer 20, the cladding 
23 is thereby formed in the second polyimide layer 21, 
and the core 25 is formed in the third polyimide layer 22 
over the region irradiated with the electron beam in step 
D shown in FIG. 15. 

FIG. 16 is a sectional view of the subject portion of 
a polyimide optical waveguide having a four-layer struc- 
ture. A second polyimide layer 20 having a refractive 
index lower than that of the polyimide layer 21 is formed 
on a first polyimide layer 21 having a predetermined 
refractive index. A third polyimide layer 22 having a 
refractive index higher than that of the second polyimide 
layer 20 is formed on the second polyimide layer 20, and 
the fourth polyimide layer 26 having a refractive index 
lower than that of the polyimide layer 22 is formed on 
the third polyimide layer 22. In a prescribed region, a 
core 24 formed by irradiating the upper side with an 
electron beam is located in the polyimide layer 21, a 
cladding 23 is formed in the polyimide layer 20, a core 
25 is formed in the polyimide layer 22, and a cladding 27 
is formed in the polyimide layer 26. 

The process of manufacturing the cores and the 
claddings of the waveguide shown in FIG. 16 will be 
explained with reference to FIG. 17. 

The polyimide layer 21 is formed on the substrate 
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10 in step A shown, in FIG. 17. The second polyimide 
layer 20 is formed on the polyimide layer 21 in step B 
shown in FIG. 17. Further, in step C shown in FIG. 17, 
the third polyimide layer 22 is formed on the second 
polyimide layer 20. Then, in step D shown in FIG. 17, 5 
the fourth polyimide layer 26 is formed on the third poly- 
imide layer 22. 

In step E shown in FIG. 17, an electron beam is 
applied to the upper side of the polyimide layer 26 and 
hence to the substrate 10. As a result, the core 24 is w 
formed in the polyimide layer 21, the cladding 23 is 
formed in the second polyimide layer 20, the core 25 is 
formed in the third polyimide layer 22, and the cladding 
27 is formed in the fourth polyimide layer 26, over the 
region irradiated with the electron beam. is 

Next, another embodiment of a polyimide optical 
waveguide having a four-layer structure will be 
described with reference to the sectional view of FIG. 
18. 

On a polyimide layer 20 having a predetermined so 
refractive index, a second polyimide layer 21 having a 
refractive index higher than that of the polyimide layer 

20 is formed. A third polyimide layer 26 having a refrac- 
tive index lower than that of the second polyimide layer 

21 is formed on the second polyimide layer 21 , and the 25 
fourth polyimide layer 22 having a refractive index 
higher than that of the polyimide layer 26 is formed on 

the third polyimide layer 26. A cladding 23 is formed in 
the polyimide layer 21 by irradiating an electron beam to 
the upper side and hence to a predetermined region. A 30 
cladding 27 is formed in the polyimide layer 26, and the 
core 25 is formed in the polyimide layer 22. 

The step of manufacturing the cores and the clad- 
dings of the waveguide shown in FIG. 18 will be 
explained with reference to FIG. 1 9. 35 

The polyimide layer 20 is formed on the substrate 
10, in step A shown in FIG. 19: The second polyimide 
layer 21 is formed on the polyimide layer 20 in step B 
shown in FIG. 19. Further, in step C shown in FIG. 19, 
the third polyimide layer 26 is formed on the second 40 
polyimide layer 21. As shown in step D shown in FIG. 
19, the fourth polyimide layer 22 is formed on the third 
polyimide layer 26. 

Then in step E shown in FIG. 1 9, an electron beam 
is applied to the upper side of the polyimide layer 22 and 45 
hence to the substrate 10. As a result, the cladding 23 is 
formed in the polyimide layer 20, the core 24 is formed 
in the second polyimide layer 21, the cladding 27 is 
formed in the third polyimide layer 26, and the core 25 is 
formed in the fourth polyimide layer 22, over the region so 
irradiated with the electron beam. 

FIG. 20 is a sectional view of the subject portion of 
a polyimide optical waveguide having a five-layer struc- 
ture, wherein a fifth polyimide layer 28 is formed on the 
fourth layer 26 of the waveguide of FIG. 16. The fifth 55 
layer 28 has a refractive index higher than that of the 
fourth layer 26. A core 24 is formed in the polyimide 
layer 21 by applying an electron beam to the upper side 



qf the fifth polyimide layer 28. A claddrrTg'23 is formed in 
the polyimide layer 20, a core 25 is formed in the poly- 
imide layer 22, a cladding 27 is formed in the polyimide 
layer 26, and a core 29 is formed in the fifth polyimide 
layer 28. 

The steps of manufacturing the cores and the clad- 
dings of the polyimide optical waveguide shown in FIG. 

20 will be explained with reference to FIG. 21 . 

The polyimide layer 21 is formed on the substrate 
10 in step A shown in FIG. 21. The second polyimide 
layer 20 is formed on the polyimide layer 21 in step B 
shown in FIG. 21. Further, in step C shown in FIG. 21, 
the third polyimide layer 22 is formed on the second 
polyimide layer 20. In step D shown in FIG. 21, the 
fourth polyimide layer 26 is formed on the third polyim- 
ide layer 22. Then, in step E shown in FIG. 21 , the poly- 
imide layer 28 is formed on the polyimide layer 26. 

In step F shown in FIG. 21, an electron beam is 
applied to the upper side of the fifth polyimide layer 28 
and hence to the substrate 10. As a result, the core 24 
is formed in the polyimide layer 21 , the cladding 23 is in 
the second polyimide layer 20, the core 25 is in the third 
polyimide layer 22, the cladding 27 is in the fourth poly- 
imide layer 26, and the core 29 is in the fifth polyimide 
layer 28. 

A further embodiment of a polyimide optical 
waveguide having a five-layer structure will be 
described with reference to the sectional view of FIG. 
22. 

The first to fourth layers of this embodiment are 
formed in the same way as the layers of the polyimide 
optical waveguide (FIG. 19) having a four-layer struc- 
ture, which are formed in steps A to D shown in FIG. 19. 

A step E shown in FIG. 23 is the step of forming the 
fifth polyimide layer 30 having a refractive index lower 
than that of the polyimide layer 22, on the fourth polyim- 
ide layer 22. 

An electron beam is applied to the upper side of the 
fifth polyimide layer 30 and hence to the substrate 10 in 
step F shown in FIG. 23, a cladding 23 is formed in the 
polyimide layer 20. a core 24 is in the second polyimide 
layer 21 , a cladding 27 is in the third polyimide layer 26, 
a core layer 25 is in the fourth polyimide layer 22. and a 
cladding 31 is in the fifth polyimide layer 30, over the 
region irradiated with the electron beam. 

FIG. 24 is a sectional view of the subject portion of 
a polyimide optical waveguide having a six-layer struc- 
ture, wherein a sixth polyimide layer 30 is formed on the 
fifth polyimide layer 28 of the waveguide of FIG. 20. The 
sixth layer 30 has a refractive index lower than that of 
the fifth layer. A core 24 is formed in the polyimide layer 

21 by applying an electron beam to the upper side of the 
sixth polyimide layer 30. A cladding 23 is formed in the 
polyimide layer 20. a core 25 is in the polyimide layer 22, 
a cladding 27 is in the polyimide layer 26, a core 29 is in 
the fifth polyimide layer 28. and a cladding 31 is in the 
sixth polyimide layer 30. 

The step of manufacturing the cores and the clad- 
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dings ol the waveguide shown in FIG. 24 will be 
explained with reference to FIG. 25. • • 

The first to fifth layers of this embodiment are 
formed in the same way as the layers of the polyimide 
optical waveguide (FIG. 21 ) having a five-layer structure 5 
are formed in steps A to E shown in FIG. 21 . 

The step F shown in FIG. 25 is the step of forming 
the sixth polyimide layer 30 having a refractive index 
lower than that of the polyimide layer 28, on the fifth 
polyimide layer 28. 10 

An electron beam is applied to the upper side of the 
sixth polyimide layer 30 and hence to the substrate 10, 
in step G shown in FIG. 25. As a result, the core 24 is 
formed in the polyimide layer 21, the cladding 23 is in 
the second polyimide layer 20, the core 25 is in the third is 
polyimide layer 22, the cladding 27 is in the fourth poly- 
imide layer 26, the core 29 is in the fifth polyimide layer 
28, and the cladding 31 is in the sixth polyimide layer 30, 
over the region irradiated with the electron beam. 

Next, another embodiment of a polyimide optical 20 
waveguide having a six-layer structure will be described 
with reference to the sectional view of FIG. 26. 

The first to fifth layers of this embodiment are 
formed in steps A to E shown in FIG. 27 in the same way 
as the fist to fifth layers of the polyimide optical 25 
waveguide (FIG. 22) having a five-layer structure are 
formed in steps A to E shown in FIG. 23. 

The step F shown in FIG. 27 shows the step of 
forming the sixth polyimide layer 28 having a refractive 
index higher than that of the polyimide layer 30, on the 30 
fifth polyimide layer 30. 

An electron beam is applied to the upper side of the 
sixth polyimide layer 28 and hence to the substrate 10 in 
step G shown in FIG. 27. As a result, the cladding 23 is 
formed in the polyimide layer 20, the core 24 is in the 35 
second polyimide layer 21 , the cladding 27 is in the third 
polyimide layer 26, the core 25 is in the fourth polyimide 
layer 22, the cladding 31 is in the fifth polyimide layer 
30, and the core 29 is in the sixth polyimide layer 28, 
over the region irradiated with the electron beam. 40 

FIG. 28 is a sectional view of the subject portion of 
a polyimide optical waveguide having a seven-layer 
structure, wherein a seventh polyimide layer 32 is 
formed on the sixth layer 28 of the waveguide of FIG. 
26. The seventh layer 28 has a refractive index lower 45 
than that of the sixth layer 28. The cladding 23 is formed 
in the polyimide layer 20 by irradiating the upper side of 
the seventh polyimide layer 32 with an electron beam. 
The core 24 is formed in the polyimide layer 21, the 
cladding 27 is in the polyimide layer 26, the core 25 is in so 
the polyimide layer 22, the cladding 31 is in the fifth 
polyimide layer 30, the core 29 is in the sixth polyimide 
layer 28, and the cladding 33 is in the seventh polyimide 
layer 32. 

The step of manufacturing the cores and claddings 55 
of the waveguide shown in FIG. 28 will be described 
with reference to FIG. 29. 

The first to sixth layers of this embodiment are 



formed in steps A to F shown in FIG. 27jn4her$ame way 
as the first to sixth layers of the polyimide optical 
waveguide (FIG. 26) having a six-layer structure. 

The step G shown in FIG. 29 shows the step of 
forming the seventh polyimide layer 32 having a refrac- 
tive index lower than that of the sixth layer, on the sixth 
polyimide layer 28. 

An electron beam is applied to the upper side of the 
seventh polyimide layer 32 and hence to the substrate 
10, in step H shown in FIG. 29. As a result, the cladding 
23 is formed in the polyimide layer 20, the core 24 is in 
the second polyimide layer 21, the cladding 27 is in the 
third polyimide layer 26, the core 25 is in the fourth poly- 
imide layer 22, the cladding 31 is in the fifth polyimide 
layer 30, the core 29 is in the sixth polyimide layer 28, 
and the cladding 33 is in the seventh polyamide layer 
32. 

As mentioned above, the present invention pro- 
vides a improved polyimide optical waveguide having 
two or more polyimide layers, and also a method of 
manufacturing the waveguide in which any core and any 
cladding are formed alternately in a predetermined 
region of each layer. 

Claims 

1. A polyimide optical waveguide comprising a core 
(2) made of a polyimide. and a cladding (1,3) in 
contact with said core (2) and having a refractive 
index lower than that of said core (2), 

characterized in that said core (2) has a 
refractive index controlled by electron beam irradia- 
tion to a predetermined value. 

2. The polyimide optical waveguide according to claim 
1, 

characterized in that said polyimide is fluorinated 
polyimide. 

3. The polyimide optical waveguide according to claim 
1, 

characterized in that said cladding (1,3) has a two- 
layer structure, said core (2) is embedded in one of 
the layers forming said cladding and has been 
formed by irradiating an entire surface of a polyim- 
ide film with an electron beam and performing RIE 
method on the polyimide film, thereby imparting a 
predetermined shape to the polyimide film, and 
said cladding (1 ,3) and said core (2) constitute an 
embedded channel waveguide. 

4. The polyimide optical waveguide according to claim 
1. 

characterized in that said cladding has a one-layer 
structure, said core (2) is formed on said cladding 
and has been formed by irradiating an entire sur- 
face of a polymide film with an electron beam and 
performing RIE method on the polyimide film, 
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thereby imparting a predetermined shape to the 
polyimide film, and said cladding and said core con- 
stitute a ridge channel waveguide. 

5. The polyimide optical waveguide according to claim 
1, 

characterized in that said cladding has a one-layer 
structure, said core is formed on said cladding and 
has been formed by irradiating an entire surface of 
a polyimide film with an electron beam, and said 
cladding and said core (2) constitute a slab 
waveguide. 

6. The polyimide optical waveguide according to claim 
1, 

characterized in that said cladding has a three-layer 
structure, said core has been formed by performing 
electron beam lithography on a part of a second 
polyimide layer, and said cladding and said core 
constitute an embedded channel waveguide. 

7. The polyimide optical waveguide according to claim 
1, 

characterized in that said cladding has a two-layer 
structure, said core (2) has been formed by per- 
forming electron beam lithography on a part of a 
polyimide film and is embedded in one of the layers 
forming said cladding, and said cladding (1.3) and 
said core (2) constitute a channel waveguide. 

8. The polyimide optical waveguide according to claim 
1, 

characterized in that said cladding has a one-layer 
structure, said core has been formed by performing 
electron beam lithography on a part of a polyimide 
film, and said cladding and said core constitute a 
channel waveguide. 

9. The polyimide optical waveguide according to claim 
1, 

charcterized in that said cladding has a two-layer 
structure, said core (2) has been formed by per- 
forming electron beam lithography on a part of a 
polyimide film, and said cladding (1,3) and said 
core (2) constitute an embedded channel 
waveguide. 

1 0. A polyimide optical waveguide comprising at least 
one core (1 2) whose refractive index has been con- 
trolled to a predetermined value by electron beam 
irradiation, and at least one cladding (10), 

characterized in that said at least one clad- 
ding (10) has a refractive index controlled by elec- 
tron beam irradiation to a predetermined value 
lower that that of said at least one core (12) and 55 
said at least one core and said at least one cladding 
are alternately laid one on another. 



1 J . The polyimide optical waveguide-according to claim 
10, characterized in that one core (12) and one 
cladding (10) constitute a two-layer structure. 



5 . 12. The polyimide optical waveguide according to claim 
10, characterized in that a plurality of cores and a 
plurality of claddings are alternately laid, one on 
another, thereby constituting a seven-layer struc- 
ture. 

10 
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